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Introduction
This article is especially focused on the so called "perennial oats" (GERVAIS, 1973) , that is, Avenula (Dumort.) Dumort. plus Helictotrichon Besser (Poaceae: Aveneae), a group that has been circumscribed as a single genus (HOLUB, 1958; RÖSER, 1989, among others) or two (HOLUB, 1962; GERVAIS, 1973; KERGUÉLEN, 1975; ROMERO-ZARCO, 1984a , 1984b or four genera . Nevertheless, it is also necessary to discuss their phylogenetic relationships with Avena L., Arrhenatherum P. Beauv. and Pseudarrhenatherum Rouy at the light of recent molecular studies (RÖSER & al., 2001; GREBENSTEIN & al., 1995 GREBENSTEIN & al., , 1998 RODIONOV & al., 2005; QUINTANAR & al., 2007; SORENG & al., 2007; WINTERFELD & RÖSER, 2007; .
"Oats grasses" is used here as the appropriate common name for species belonging to Avena, Helictotrichon, Avenula, Arrhenatherum and Pseudarrhenatherum. Other genera with nomenclatural relations with Avena or Helictotrichon, such as Amphibromus Nees, Danthoniastrum (Holub) Holub, Gaudinia P. Beauv., Ventenata Koeler, Deschampsia P. Beauv., Avenella Parl., and Trisetum Pers., etc. are not considered here, as they do not pose taxonomic problems in relation to the limits of the genus Avena. The aim of this article is to ascertain relationships among oat grasses. For this purpose anatomical and morphological characters are summarized and discussed. Consequently, a taxonomic scheme for oat grasses is here established, accepting in general the monophyletic lineages suggested by molecular studies and supported by anatomical, morphological and biogeographical evidence. GREBENSTEIN & al. (1995) , using highly repeated satellite DNA as a molecular marker, found differences between Helictotrichon s.s. and the remaining species investigated. A second study (GREBENSTEIN & al., 1998 ) concludes that Helictotrichon s.l. is paraphyletic, if not polyphyletic according to ITS1 and ITS2 rDNA sequence analysis. Further evidence from physical mapping of 5S rDNA (RÖSER & al., 2001) and from plastid 'trnT-F' and nuclear ITS sequences (QUINTANAR & al., 2007) strongly suggest that the large genus Helictotrichon is paraphyletic or polyphyletic.
The anatomical characteristics of leaf blade in transverse section have been intensely investigated and used in the taxonomy of the group (DUVAL-JOUVE, 1863 ; POTZTAL, 1951) . It has been of special importance for the separation of Avenula with respect to Helictotrichon (HOLUB, 1962 ; GERVAIS, 1973; KERGUÉLEN, 1975; ROMERO-ZARCO, 1984b) . Nevertheless, molecular studies suggest that Avenula is polyphyletic (GREBENSTEIN & al., 1998 ; RÖSER & al., 2001 ; QUINTANAR & al., 2007) . A taxonomic consequence is the description of the monospecific genus Homalotrichon Banfi, Galasso & Bracchi (CONTI & al., 2005) including H. pubescens (Hudson) Banfi, Galasso & Bracchi (ϵ Avenula pubescens (Hudson) Dumort. ϵ Avena pubescens Hudson, see below). This implies that the conduplicated leaf blades structure, a diagnostic character for the genus, could have evolved independently in three lineages. In order to investigate this possibility, the anatomical structure of blades were re-examined in more detail in A. pubescens (placed by recent molecular analyses in an isolated position near Arctagrostis Griseb. or Milium L.; see QUINTANAR & al., 2007) , and Avenula pratensis (L.) Dumort., with strong affinity with the rest of European Avenula species, both clearly separated with respect to Helictotrichon and other Aveneae genera (GREBEN- STEIN & al., 1998; RÖSER & al., 2001 ).
Material and methods
Approximately 2600 sheets (herbarium specimens) were examined for this study. Leaf blade cross-sections from sterile innovations were obtained from nearly 260 samples, following methods in SAINT-YVES (1931) and anatomical techniques described in previous papers (ROMERO-ZARCO, 1984b , 1985b . Several root samples of different diameters were removed for study from one year old plants grown in pots. For each species lodicules were observed in 10 or more florets from at least three populations when possible. Two or three dried mature caryopses samples were studied in selected species. The caryopses were softened in fresh water during six hours and then embryos were dissected using an entomological needle and placed in 50% lactic acid. Most of the studied specimens belong to the main collection of the Servicio General de Herbarios de la Universidad de Sevilla (SEV). Vouchers cited in the figures are listed in table 1. Nomenclature used in the next section follows ROMERO-ZARCO (1984a , 1984b , 1985a , 1985c , 1993 .
Results and discussion
Root anatomy (Fig. 1) The presence of a ring of sclerenchyma around endodermis in several European species of Helictotrichon and in Pseudarrhenatherum longifolium (Thore) Rouy was shown by GERVAIS (1968) . This periendodermic ring does not appear in Avena species, Arrhenatherum elatius (L.) J. Presl & C. Presl, nor in Avenula species. A similar ring was described later in the roots of Pseudarrhenatherum pallens (Link) Holub by ROMERO-ZARCO (1985c) . In order to complete the data, this character was investigated in Arrhenatherum album (Vahl) W. D. Clayton and, for comparison, in Pseudarrhenatherum pallens and Avenula hackelii (Henriq.) Holub. The results obtained here are in agreement with those contributed by GERVAIS (1968 GERVAIS ( , 1973 and by RÖSER (1989) . The studied species of Arrhenatherum and Avenula lack a sclerenchymatic ring, whereas this ring is present in Pseudarrhenatherum. ROMERO-ZARCO (1984a , 1984b , 1985a , 1985c , 1993 [Bar = 0.2 mm]
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In Arrhenatherum album and Avenula hackelii (Fig. 1A ) the endodermis is composed of approximately square cells, almost totally plugged by deposits of suberin, with a small lumen next to the outer wall. The sclerification of cortex cells was not observed. On the contrary in Pseudarrhenatherum pallens (Fig. 1B ) the endodermis is formed by cells extended radially, with an inner 'V'-shaped suberin deposit leaving a lumen half as large as the cutting surface. A two to three row layer of sclerenchyma cells are observed around the endodermis. As asserted in GERVAIS (1973) the endodermis of Pseudarrhenatherum is different from those of Arrhenatherum, Avenula and Helictotrichon.
Leaf blade anatomy (Fig. 2) Details of sclerenchyma girders and the arrangement of the chlorenchyma are shown in figure 2 for Avenula pratensis subsp. iberica (St.-Yves) O. Bolòs & Vigo and A. pubescens. In Avenula pratensis subsp. iberica, the subepidermal strands of sclerenchyma are substantially thinner than the marginal ones, and some of them are connected to the vascular strand forming thin, 'I'-shaped girders. In A. pubescens the marginal strands are less developed and the subepidermal strands of sclerenchyma are very robust, even more than the marginal ones, forming rounded girders with main lateral vascular strands. The differentiation of a palisade chlorenchyma is observed in Avenula pratensis subsp. iberica, whereas in A. pubescens all chlorenchyma cells are nearly isodiametric. Other Avenula taxa have palisade chlorenchyma (LÓPEZ & DEVESA, 1991) and girders, when present, are 'I'-shaped (GERVAIS, 1973; ROMERO-ZARCO, 1984b; RÖSER, 1989) . (Fig. 3) The morphological characteristics of lodicules in Arrhenatherum elatius subsp. baeticum Romero Zarco, Pseudarrhenatherum pallens, Helictotrichon sarracenorum (Gand.) Holub, H. sedenense (DC.) Holub subsp. sedenense, Avenula bromoides subsp. pauneroi Romero Zarco and A. pubescens are summarized in figure 3 . Avenula pubescens differs remarkably from the others by having shorter (< 1 mm) and irregularly lobed lodicules (see also ROMERO-ZARCO, 1984b: Fig. 5; RÖSER, 1989: Fig. 8 lateral lobe or tooth. In all Arrhenatherum taxa investigated, the presence of a lateral lobe or tooth is a variable character, even between the basal and apical floret within the same spikelet (ROMERO-ZARCO, 1985a ). This character is less variable in species of Pseudarrhenatherum, Helictotrichon s.s. and Avenula. A lobe is always observed in most Eurasian Avenula species (A. pubescens excluded); the lobe is located at or below the middle on the lateral margin facing the palea, and its size is variable. Pseudarrhenatherum and most Eurasian Helictotrichon taxa investigated have entire lodicules, with the exception of H. sedenense subsp. sedenense, that has a small lateral tooth in some cases (ROMERO-ZARCO, 1984a; RÖSER, 1989) . Lodicules in Avena s.s. (BAUM, 1977; ROMERO-ZARCO, 1996) are similar to Helictotrichon, containing a lanceolate membranous portion, and with or without a small (sometimes tiny) lateral tooth. (Fig. 4) Some differences between species were observed in the morphology of epiblast. Several types of epiblasts have been described in Avena, some with rounded apical margins and others with more or less truncated margins (BAUM, 1977) . Figure 4 shows the morphology of embryos extracted from mature caryopses of the following perennial oats: Arrhenatherum album var. The combination of both characters allows us to define three types of embryos in perennial oat grasses:
Morphology of lodicules

Morphology of the embryos
1. "Arrhenatherum" type, characteristic of this genus, with rounded epiblast and scutellum.
2. "Helictotrichon" type, with truncated or somewhat emarginated epiblast, and subobtuse or rounded scutellum, present in Helictotrichon, Pseudarrhenatherum and Avenula pubescens.
3. "Avenula" type, with epiblast similar to the "Helictotrichon" type and scutellum with nipple-shaped apex, present in most Avenula species (A. pubescens excluded).
According to NEGBI & SARGENT (1986: 252, Fig. 7 ), the scutellum of Avena fatua L. resembles the subobtuse one of Helictotrichon sedenense subsp. sedenense (Fig. 4D) .
Helictochloa Romero Zarco (Poaceae), a new genus of oat grass -91 Since the formal description of Avena by Linnaeus in 1753, many genera have been attributed to the tribe Aveneae. In the last 100 years the main subject of discussion in the taxonomy of Avena has focused on the separation of annual species (Avena s.s.) with respect to perennial ones [Helictotrichon s.l., that is : including Avenula (HOLUB, 1958 ; RÖSER, 1989) , Arrhenatherum (POTZTAL, 1951) Ventricosa Coss., ROMERO-ZARCO, 1996) ; 2. the remaining species (A. sativa, A. barbata Link, etc.) . Avena macrostachya is found in a similar position in another phylogenetic tree (RODIONOV & al., 2005) , although sister to A. ventricosa group, and distantly related to A. sativa.
According to karyotype features suggest that A. macrostachya is close to the C-genome species of Avena (i.e. A. eriantha Durieu). These results support retaining A. macrostachya in Avena s.s., as proposed by BAUM (1968) who based his conclusion on morphological and anatomical characters (large glumes and sclerenchyma not present surrounding the endodermis in the root).
Avena L., Sp. Pl.: 79. 1753.
Lectotypus designated by BRITTON & BROWN, 1913) :
Diagnosis. -Annuals (with the exception of A. macrostachya); roots without sclerenchyma surrounding endodermis; culms with (2-)3-6 visible nodes; leaves convolute, relatively soft and flexible; cross-section with numerous secondary nerves, scarcely pronounced ribs, bulliform cells scarcely developed, forming several rows between the nerves, 'I'-shaped girders of colourless parenchyma, and subepidermal sclerenchyma in small, scarcely developed strands. Spikelets (12-)16-41(-48) mm long, (1-)2-4(-5) florets, completely developed, bisexual; equal or unequal glumes, almost as long as the whole spikelet, rounded on the back, glabrous, with (5-)7 or more nerves; lemma generally hairy towards the base, somewhat scabrous towards the apex; awn dorsal, generally with a strongly twisted column -exceptionally flattened or not developed in cultivated forms-; palea strongly 2-keeled, keels minutely ciliate; lodicules longer than ovary, lanceolate, entire or with a small lateral tooth. Caryopsis furrowed; hilum linear; embryo with a rounded or truncated epiblast and subobtuse scutellum.
Species and distribution. -24-31 species, some of them cultivated derivatives; West Mediterranean and Macaronesia is the main centre of species diversity.
Arrhenatherum vs Pseudarrhenatherum
The delimitation of Arrhenatherum presents two problems. First its separation from Helictotrichon and second, the splitting of Pseudarrhenatherum as proposed by ROUY (1913 ROUY ( , 1921 . There are three traditional morpho-anatomical criteria used to delimit these genera.
The first criterion used is the composition of spikelets. Arrhenatherum elatius and related species are clearly separable from other perennial oats by having two unequal florets that are joined at maturity; the lower floret masculine, with a strong subbasal awn; the upper floret bisexual, with a rudimentary, subapical awn, sometimes absent. It is evident that this configuration must be understood as a specialized polyandry syndrome in the context of the family. The majority of the remaining species of the group have spikelets with several similar, bisexual florets, all of them articulated with the rachilla, so that the dispersal unit (diaspora) is a single floret. Nevertheless some Avena and Helictotrichon species have spikelets with a reduced number of florets (frequently only two of them well developed) remaining united at maturity, since only the lower floret is articulated with the rachilla. The result is the configuration of a synaptospermic diaspora. In Avena this phenomenon occurs in some species belonging to different sections (A. sterilis L., A. murphyi Ladizinsky and A. eriantha; see for example ROMERO-ZARCO, 1996 : Fig 1) . Among the European Helictotrichon species, this specialized configuration of spikelets occurs in a small group of closely related, central European species, the group of H. parlatorei (J. Woods) Pilger (see RÖSER, 1989: 65-76) . In all these cases the two florets of the spikelets are similar, both provided with a well developed, dorsal awn. However, in the two unique species included in the genus Pseudarrhenatherum (HOLUB, 1980; ROMERO-ZARCO, 1985c) , spikelets are formed by two different florets, both completely developed and bisexual, the lower floret with a well developed, dorsal awn, the upper floret without awn or with a reduced, straight subapical one.
Four kinds of major modifications in the structure of the spikelets occur in oats grasses:
1. reduction to two completely developed florets, rarely only one in some cultivars; 2. synaptospermy; 3. morphological differentiation between the lower floret and the upper one; 4. polyandry.
In synaptospermic Avena species, the spikelets have 2-4 (-5) florets (see ROMERO-ZARCO, 1996) , but only cultivated forms have two morphologically different florets. In Arrhenatherum, the spikelets reach the maximum degree of modification, with reduction, differentiation, and polyandry. Obviously, synaptospermy cannot occur in Arrhenatherum, since the spikelets contain a unique fruit, but the atrophy of the joint at the base of the second flower does occur. In Pseudarrhenatherum the three first phenomena occur together, but not polyandry. In the species of Helictotrichon parlatorei group (RÖSER, 1989) , together with certain endemic atypical species from Atlas Range (Avena Jahandiezii Litard. and A. brevia ristata Barratte, included by HOLUB, 1962 HOLUB, , 1976 in Avenula), synaptorpermy occurs, occasionally accompanied by the reduction of spikelets to two fertile florets, but there is no clear upward differentiation as in Pseudarrhenatherum.
The second critieria used to separate species of Arrhenatherum from Pseudarrhenatherum is foliar anatomy. Arrhenatherum leaves are similar to those of Avena, i.e. relatively soft, with scarcely developed subepidermal sclerenchyma and less protruding ribs. The leaves of Pseudarrhenatherum are rigid, similar to those of Paleartic Helictotrichon species, with numerous, well-marked ribs above, with abundant subepidermal sclerenchyma forming 'T'-shaped girders and, in more xerophilic species, a continuous layer of subepidermal sclerenchyma beneath. The variability observed among Pseu darrhenatherum species is parallel to that occurring in Helictotrichon (see ROMERO-ZARCO, 1985c) .
The third criterion is based on the anatomical characteristic of the root as described by GERVAIS (1968 GERVAIS ( , 1973 . The endodermis is surrounded by a more or less heavy layer of sclerenchyma cells in the roots of the European Helictotrichon species, as well as in Pseudarrhenatherum. This character does not occur in Avena species (including A. macrostachya), Avenula, or Arrhenatherum s.s. In addition, the form of the endodermic cells are different in Helictotrichon when compared with Pseudarrhenatherum: in the former, the cells are ± rounded, with a thick internal reinforcements of suberin and a reduced lumen, whereas in the later the cells are extended radially and have a broad lumen. This detail was observed by GERVAIS (1973) in P. longifolium and is verified here in P. pallens.
Two additional criteria are added here: the morphology of the embryos and the presence of macrohairs on the back of lemmas (excluding the callus). The embryos of Arrhenatherum differ by having rounded epiblasts, not truncated or emarginated epiblasts, like the other genera studied (Fig. 4) . Macrohairs are present on lemmas of Pseudarrhenatherum, Arrenatherum and some Avena and Avenula s.l. species and not in Eurasian and American species of Helictotrichon (FINOT & al., 2005; ROMERO-ZARCO, 1984a , 1984b , 1985a , 1985c . Four schemes regarding the classification are:
1. to maintain a broad criterion for Helictotrichon, including Arrhenatherum and Pseudarrhenatherum; 2. to separate Arrhenatherum and Helictotrichon maintaining Pseudarrhenatherum within the first; 3. the same but including Pseudarrhenatherum in Helictotrichon; 4. to completely separate these three genera. How have molecular studies contributed to these questions? GREBENSTEIN & al. (1995 GREBENSTEIN & al. ( , 1998 have demonstrated with different molecular markers, that Arrhenatherum elatius clearly occupies a different position from Avena and from European Helictotrichon s.s. species. However, no Pseudarrhenatherum species where included in these studies. RÖSER & al. (2001) concluded that Pseudarrhenatherum should be included in Helictotrichon s.s. on the basis of its 5S rDNA sequence, but only the most common species, P. longifolium, was studied, and no Arrhenatherum species were included in their analysis. A study of the whole group would have supported their conclusion in this respect. QUINTANAR & al. (2007) in their phylogram on nuclear ITS data, separate clearly Arrhenatherum elatius from Helictotrichon s.s., but Pseudarrhenatherum longifolium is nested in Helictotrichon. Similar relationships are seen in recent studies . One might assume that Pseudarrhenatherum longifolium should not be included in Arrhenatherum, but it could be included in Helictotrichon if the phylogenetic position of Pseudarrhenatherum pallens were clarified. Meanwhile, the most coherent position according to available data is to maintain the independence of these three genera until an analysis including all taxa with more molecular markers is completed. ROMERO-ZARCO (1985c) .
Taxonomic characters and diagnosis. -See ROMERO-ZARCO (1985c).
Species and distribution. -Two species: the West-European, acidophilic P. longifolum, with the southernmost known populations in South Spain and Morocco, and P. pallens, endemic from a few localities near Lisbon, growing on calcareous substrates.
Avenula vs Helictotrichon
The question of recognizing Avenula as separate from Helictotrichon has been suitably discussed by several authors using morphological and anatomical characters (GERVAIS, 1973; HOLUB, 1962; ROMERO-ZARCO, 1984b 
Typus: Avena jahandiezii Litard. (ϵ Tricholemma jahandiezii (Litard.) Röser)
Diagnosis. -Perennials, densely caespitose; roots without sclerenchyma surrounding endodermis; culms with 1-2 visible nodes, sometimes subbulbous at the base. Leaf blades flat, conduplicate or junciform, not furrowed above, with or without thin ribs beneath, very hard or relatively soft, but rigid, with several or numerous secondary nerves; abaxial midrib and margins outstanding, without long hairs; bulliform cells forming a row each side of the adaxial midrib; without girders and subepidermal sclerenchyma (T. jahandiezii) or with subepidermal sclerenchyma forming 'I'-shaped girders at the lateral nerves (T. breviaristatum (Barratte) Röser). Spikelets 13-18 mm long, with 2-3 developed bisexual florets, two upper floret not or scarcely exceeding the upper glume, apical floret reduced; glumes slightly unequal, keeled in the back, glabrous, 3-nerved; rachilla disarticulating only above the glumes; lemmas with a row of hairs on the back, along the lower part of the central nerve, the rest glabrous; awn without pale margins, dorsally inserted and with a strongly twisted column, or reduced and subapically inserted, with or without a slightly twisted column; palea strongly 2-keeled, keels minutely ciliate; lodicules as long or shorter than the ovary, ovate or obovate, with a ± truncate, usually dentate apex. Caryopsis furrowed; hilum linear; embryo not seen. Perennial, loosely caespitose; roots without sclerenchyma surrounding endodermis; culms with 1-3 visible nodes. Leaf blades flat or ± conduplicate, not furrowed, relatively soft but rigid, with long hairs; bulliform cells forming a row each side of the adaxial midrib; with abaxial midrib and margins scarcely evident; secondary nerves few; well developed subepidermal sclerenchyma forming 'O'-shaped girders at lateral nerves. Spikelets 14-20 mm long, with 3-4 developed bisexual florets, two upper floret not or scarcely exceeding the upper glume, apical floret reduced; glumes unequal, keeled on the back, somewhat scabrid on the central nerve at the base, the lower glume 1-3-nerved, the upper glume 3-nerved; rachilla disarticulating above the glumes and between the florets; lemmas glabrous (except for the callus); awned dorsally, with a strongly twisted, rounded column, without pale margins; palea scarcely 2-keeled, with glabrous keels; lodicules as long or shorter than the ovary, ovate or obovate, 2-3-lobed or with a irregularly dentate apex. Caryopsis furrowed; hilum linear; embryo with a truncated epiblast and obtuse scutellum.
Nomenclature. -See ROMERO-ZARCO (1984b) , RÖSER (1989: 44) and HOLUB (1976: 288) .
Lectotypification. -There are two different lectotopyfications of the generic name Avenula: a) Avena pubescens Hudson, designated by CHASE (1939: 568) and ignored by most European taxonomists (HOLUB, 1977; ROMERO-ZARCO, 1984b; RÖSER, 1989; ) and b) A. pratensis L., designated by BREISTROFFER (1966) . Only these two species were cited by DUMORTIER (1824) in the original description of Trisetum sect. Avenula, the basyonim of Avenula, and both fit the protologue. According to MCNEILL & al. (2006, art. 10.5) , the first lectotypification is accepted, and the correct name for the monotypic genus including A. pubescens is Avenula. The name Homalotrichon is then illegitimate (MCNEILL & al., 2006, art. 52 Perennials, loosely or densely caespitose; roots without sclerenchyma surrounding endodermis; culms with 1-3 visible nodes. Leaf blades flat, conduplicate or ± junciform, not furrowed above, sometimes with thin ribs beneath, relatively hard and rigid; bulliform cells forming a row each side of the adaxial midrib; margins and abaxial midrib prominent, cartilaginous; secondary nerves numerous or not; with or without 'I'-shaped girders of sclerenchyma and/or colourless parenchyma; subepidermal sclerenchyma in ± developed small islands, rarely forming a continuous layer beneath. Spikelets 10-36 mm long, with (2-)3-9(-12) developed, bisexual florets, two or more upper florets exceeding the glumes, apical floret reduced; glumes unequal, keeled on the back, somewhat scabrous on the nerves, the lower glume with (1-)3-5 nerves, the upper glume with 3-5(-7) nerves; rachilla disarticulating above the glumes and between the florets; lemmas glabrous or sericeous towards the base, awned dorsally; awn with a loosely twisted column, ± flattened in cross-section, with pale margins; palea strongly 2-keeled, keels minutely ciliate; lodicules longer than the ovary, lanceolate, with a lateral, ± developed lobe. Caryopsis furrowed; hilum linear; embryo with a truncate or somewhat emarginate epiblast, scutellum with a nipple-shaped apex.
Etymology. -From Greek helictos, by the spirally twisted leaves when dry, and chloe, green grass.
Nomenclature and taxonomy. -See HOLUB (1976) for Avenochloa Holub. According to MCNEILL & al. (2006, art. 22.6 ) Avena pratensis is the type species of infrageneric names derived or similar to its epithet.
According to the taxonomic criteria here defended, a number of 40 taxa (25 species) accepted by DOGAN (1985) , RÖSER (1989 RÖSER ( , 1996 , SAUER (1984) , SAUER & CHMELITSCHEK (1976) , ROMERO-ZARCO (1984b) , ROSHEVITS & SHISHKIN (1934) So, only species 4 to 7 can be properly selected as lectotype. Avena pratensis have been designated here because it was previously selected by VIERHAPPER (1906) , ROUY (1913), and ROSHEVITS & SHISHKIN (1934) Perennials, densely or loosely caespitose, sometimes mat forming; roots with sclerenchyma surrounding endodermis; culms with 1-3 visible nodes. Leaf blades convolute, ± flattened, involute, junciform or setaceous, furrowed above, with protruding ribs, very hard or relatively soft, but rigid, with several or numerous lateral nerves; abaxial midrib and margins not outstanding ; bulliform cells forming several rows between the nerves, sometimes reduced or not developed between the distal nerves; sclerenchyma forming 'T'-shaped girders across the main nerves and 'I'-shaped or incomplete girders at the secondary nerves; subepidermical sclerenchyma frequently forming a continuous layer beneath. Spikelets 7.5-20 mm long, with 2-4 developed bisexual florets, apical floret reduced ; glumes unequal, keeled in the back, somewhat scabrous on the keel near the apex, the lower glume 1-3-nerved, the upper glume 3-5-nerved, almost as long as the spikelet; rachilla disarticulating only above the glumes or between the florets too ; lemmas 7-18 mm long, generally 2-dentate, glabrous (except for the callus) or somewhat scabrous towards the apex; awns ± equally developed, without pale margins, dorsally inserted and with a strongly twisted column, terete or square in cross-section; palea strongly 2-keeled, keels minutely ciliate ; lodicules longer than the ovary, lanceolate, generally entire, rarely with a small lateral tooth. Caryopsis furrowed; hilum linear; embryo with truncate epiblast and obtuse or subobtuse scutellum.
Nomenclature. -See RÖSER (1989: 44) (under Helictotrichon subgen. Helictotrichon).
Species and distribution. -Approximately 42 species following different regional taxonomic treatments, some of then recently described (COPE, 2006; ROMERO-ZARCO, 2007) . A wellknow Mediterranean-Balkanic group of approximately 12 species, some of them forming polyploid complexes (ROMERO-ZARCO, 1984a , 1985b RÖSER, 1989 
General discussion
According to the taxonomic scheme adopted here, the conduplicate structure of the leaf blade, with two rows of bulliform cells flanking the central nerve, a character usually used to the separate Avenula s.l. from Helitotrichon, does not have a unique origin in the group. This is not surprising for researchers of leaf anatomy. In figure 2 the anatomical characters of the leaf blade in Avenula pubescens and in A. pratensis subsp. iberica (now classified in the new genus Helictochloa) have been compared. In species here included within Helictochloa, the strands of subepidermal sclerenchyma are much thinner than marginal strands, and in many species (H. pratensis (L.) Romero Zarco, H. marginata (Lowe) Romero Zarco, and related species) these strands are united to the vascular bundles forming relatively thin, 'I'-shaped girders. In Avenula pubescens the marginal strands are less developed and the subepidermal strands are very robust, forming 'O'-shaped girders. Beside this, differentiation of a palisade chlorenchyma is found in Helictochloa pratensis but not in Avenula pubescens. LÓPEZ & DEVESA (1991) also found palisade chlorenchyma in Helictochloa bromoides subsp. bromoides (sub. Avenula). The remaining species of Helictochloa all have palisade chlorenchyma according to many figures previously published (ROMERO-ZARCO, 1984b; RÖSER, 1998) . The anatomical structure of the leaf blade in Avenula pubescens may be the result of analogous changes also having originated in the typical leaves of Helictochloa and Tricholemma.
In the genus Tricholemma, the two known species present very different leaf blade structures. In T. jahandiezii, the leaves have only sclerenchyma in front of the central nerve (beneath) and in the margins, a unique pattern of sclerenchyma distribution in oat grasses (see RÖSER, 1989: 31, Fig. 4 ). However, in T. breviaristatum the distribution of sclerenchyma in crosssection (see SAINT-YVES, 1931: Fig. 37 ) is similar to that of certain xeromorphic populations of Helictochloa pruinosa (Hackel & Trabut) Romero Zarco from Middle Atlas, originally described by SAINT-YVES (1931: 485, Fig. 36) as Avena bromoides subvar. dolosa St.-Yves. This remarkable difference between two closely related species, can be seen in the different development of the sclerenchymatous tissue probably in response to habitat. In the case of T. jahandiezii, the absence of subepidermal strands in front of lateral nerves can be explained by an extreme reduction of the sclerenchyma, perhaps as an adaptation to the relatively humid habitat where it grows: "garriga" schrublands at the Middle Atlas up to 1600 m above see level in deep calcareous soils, with autumnal precipitations of 1000 mm or more and frequent fog (RÖSER, 1996: 214) . On the contrary, Tricholemma breviaristatum is an endemic xeromorphic species of the Djebel Sahari, in NW Algeria, zone of median height mountains with Mediterranean type vegetation, containing elements of the Quercetea ilicis A. Bolòs & O. Bolòs 1950 (RÖSER, 1996 . A similar relationship between humidity and development of sclerenchyma in the leaves has been described between mesomorphic and xeromorphic Helictochloa species (RÖSER, 1989 , 1997 and in Pseudarrhenatherum species (ROMERO-ZARCO, 1985c ).
The remarkable development of the marginal strands of sclerenchyma is a shared characteristic between Tricholemma and Helictochloa. A detailed phylogenetic analysis will be necessary to find out if this foliar structure has arisen independently in both genera or is the result of common descent. The molecular analyses available do not clarify the question. Nuclear ITS sequences studies (GRENBENSTEIN & al., 1998; QUINTANAR & al., 2007) align T. jahandiezii closer to Helictotrichon s.s. than to Avenula or Helictochloa. Nevertheless RÖSER & al. (2001) in his analysis of 5S rDNA sequences proposed an isolated and basal situation of this species in respect to the group. Both results are not absolutely contradictory and they could be resolved if T. breviaristatum were studied. Unfortunately, T. breviaristatum has not been collected since May 1882 ). In conclusion, the so called "Avenastrum type" leaf structure (POTZTAL, 1951) , may be the result of convergent processes resulting in anatomical simplification.
The splitting of species showing a unique combination of morphological characters within monotypic genera or genera with 2-3 taxa, is frequently encountered in the Aveneae tribe (Avenella, Danthoniastrum, Lagurus L., Mibora Adans., Ventenata, among others). Some cases, like the new Tricholemma genera, are possibly, relics of a substratum of diversity from which other genera, at present in the diversification process arose, and may be a significant example of the otherwise poor supraspecific endemism in the orophytic Mediterranean flora of N Africa RÖSER (1996: 245) . The distribution of Tricholemma species corresponds to the southern edge of the Mediterranean vegetation in N Africa, where orophytic taxa were isolated at the end of the Tertiary. This, together with the great differences (possibly quantitative) in leaf anatomy and spikelet morphology (T. breviaristatum has very reduced awns) suggests an ancient derivation and a long history for this genus, which would support its basal position with respect to the group as shown in the dendrogram of RÖSER & al. (2001) .
The next challenge in the taxonomy of the group would be to investigate the phylogenetic relationship between Paleartic, Paleotropical and South African species of Helictotrichon. The species from south and east Africa, together with some from SE Asia, differ from Paleartic species in several characters; specifically in the morphology of the lemma, but also by a greater variability in the morphology of lodicules, awns and leaves. New data are needed for a clear delimitation of Helictotrichon outside of Europe.
